Introduction
As far back as 1980, portfolio managers and institutional investors, such as real estate managers started developing a significant interest in financial risk management. Portfolio managers consider various risk reduction strategies, and hence establish the benefits of diversifying portfolios. Real estate is tangible with low volatility, and in addition, its income generating potential is robust (Anoruo and Elike, 2015) . Thus, both stock and real estate are important asset prices in household portfolios. Real estate marketing involves exchange, lease, mortgage or transfer of pieces of real estate and the right to use them according to market regulations. According to Petrova (2010) , part of the credit cycle running from increasing stock price to increasing real estate price is termed "wealth effect", in the sense that increasing stock prices cause increasing market capitalization which leads portfolio managers to invest more in portfolios, and as well to re-invest more in real estate. This subsequently leads to a higher demand for houses and thus, increasing real estate prices. If, on the other hand, increasing real estate price triggers increasing stock price, this contagion is termed as "credit effect", in the sense that higher collateral value is involved and growths in production and trade are triggered, which subsequently increases expected profits.
Real Estate Investment Trusts (REITs) are important indicators when constructing equity of fixed-income portfolio in the sense that they provide greater diversification, higher returns and lower overall risk. Generally, REITs are owned and managed by income-producing commercial real estate, and you can invest in the company individually or through an exchange-traded fund. They generate dividend income with capital appreciation, thus, they serve as excellent counterbalance to stocks. Hybrid REITs are the combination of both equity REITs and mortgage REITs, while equity REITs are the commonest type of REIT identified by the real estate manager. The most popular REIT index in the US is the FTSE NAREIT equity REIT index which includes both propertyowing and mortgage REITs. This index is used by investors to access the performance of the real estate market in the economy.
In this paper, we investigate co-movements between real estate prices and stock prices by using a fractional cointegrating framework. Specifically, we carry out a battery of methods based on fractional integration and cointegration and causal relationship tests using Granger Causality. The essence of Granger Causality is to test the direction of causality, that is to establish possible "wealth" and or "credit" effects, which have important policy implications for real estate managers, and other policy makers. Thus, we consider the two hypotheses:
H1: An increase in stock prices will cause a corresponding increase in real estate prices, and this provides support for the "wealth effect".
H2: An increase in real estate prices will lead to an increase in stock prices, providing support for the "credit effect".
The rest of the paper is structured as follows: Section 2 reviews the literature on cointegration relationships and causality between stocks and REIT indices. Section 3 describes the data and presents the results of this work, while Section 4 renders concluding remarks and future extensions of the work.
Literature Review
Quite a number of articles have investigated the interrelationships between real estate and stock indices, and the analysis has generally been based on cointegration, informed as a result of unit integration in stock and real estate indices. Using cointegration, they were able to detect possible "wealth effect" and "credit effect" contagions between the two markets. Liu et al. (1990) obtained evidence of market segmentation between real estate and the stock market, while Gyourko and Keim (1992) reported contradictory findings, obtaining evidence that S&P500 stock returns have significant explanatory power in predicting equity REIT returns. Liu and Su (2010) Australian house prices and stock prices by means of Toda and Yamamoto's (1995) approach to the Granger causality test. The work was aimed at investigating capital switching effects between house prices and stock prices. The results provide evidence of a negative lead-lag relationship between stock prices and house prices in Australia, suggesting the existence of capital switching activities between the two assets.
The differences in the methodologies applied in the previous works have led to different empirical results being obtained. The majority of these works are based on unit roots and cointegration tests which use integer degrees of differentiation and do not consider potential fractionally integrated values.
Methodology
The methodology employed in this paper is based on the concepts of fractional integration and cointegration. For a review, see Gil-Alana and Hualde (2009) . By fractional integration, we mean that the number of differences required in a series to be covariance stationary and I(0) is a fractional value. In other words, a series may be neither stationary I(0) nor I(1) but integrated of order d, where d is a fractional value that might be constrained between 0 and 1, or even above 1. In this context, the (fractional) differencing parameter, say d, will be an indicator of the degree of persistence in the data since the higher the value of d is, the higher the degree of persistence between the observations is.
Using the standard notation, we say that a process {xt, t = 0, ±1, …} is integrated of order d (and denoted by I(d)) if it can be represented as
where L is the lag operator (i.e., L k xt = xt-k) and ut is I(0) defined as a covariance stationary process satisfying the property that the infinite sum of the autocovariacnes is finite. Thus, The I(d) class of models was introduced in the early 80s by Granger (1980; 1981) and Granger and Joyeux (1980) though it was not applied until the late 90s and the beginning of the 2000s when these models become very popular in the analysis of aggregate economic and financial data. Examples are the papers by Baillie (1996) , GilAlana and Robinson (1997) , Lobato and Savin (1998) , Michelacci and Zaffaroni (2000) , Gil-Alana and Moreno (2012), Abbritti, et al. (2016) , etc.
Once fractional integration is defined, its natural extension is the case of fractional cointegration. In the simple bivariate case, given two individual series which are both Peter Robinson and his co-authors extended the theoretical concept of cointegration to the fractional (long memory) case. Marinucci, 2001, Robinson and Yajima, 2002; Robinson and Hualde, 2003; Robinson, 2007, 2010; etc.) . 
Data and Empirical Results
The datasets used in this paper are time series of REITs and stock price indices for Brazil, We start by examining the individual behaviour of the series, and for this purpose, we consider the following (univariate) model,
where yt is the observed time series; β0 and β1 are the coefficients corresponding to the intercept and the linear time trend, respectively, and ut is I(0) as described above and presented, for the purpose of the present work, as a simple white noise and autocorrelated in turn; in the latter case, using the exponential spectral model of Bloomfield (1973) , which is a non-parametric way of describing the autocorrelation with the values decaying exponentially fast as in the AR(MA) case.
[Insert Table 1 about here]
Starting with the case of uncorrelated errors, we observe that the time trend is only required in a number of cases, in particular, for the stock prices in India (SENSEX) and South Africa (JSE); in all the other cases, the intercept seems to be sufficient to describe the deterministic terms. Focussing on the value of d, we note that the values are slightly higher for the ENEIs than for the stocks, and also higher with no autocorrelation than when autocorrelation is allowed. In general, the values are around 1, in some cases above and in some others below. For the case of autocorrelated errors, the I(1) hypothesis cannot be rejected in practically any case, the only exceptions being the two series for South Africa (SENSEX and JSE) where the estimated values of d are, respectively, 0.96 and 0.88 and the I(1) hypothesis is rejected in favour of lower orders of integration (mean reversion).
We also conducted a semiparametric approach based on the Whittle function (Robinson, 1995; Abadir et al., 2007) , but not imposing any specific form for the error term. The results, for a selected group of bandwidth numbers (m) are displayed across Starting with the REITs, we observe evidence of unit roots for the cases of China, India and Russia. For Brazil, the estimated values seem to be higher than 1 in some cases, and the contrary happens for South Africa, with values below 1. For the stocks, evidence of unit roots was observed in China and India; values higher than 1 for some bandwidth numbers in Brazil, and estimates of d below 1 for Russia and South Africa. Nevertheless, all the values in all cases where close to 1, and performing vis-à-vis methods (Robinson and Yajima, 2002) to test the homogeneity condition in the orders of integration between the ENEIs and the stocks for each country, we could not reject the hypothesis of equal degrees of integration in any single case, supporting thus the analysis of cointegration.
Results based on logged transformed series were very similar to those presented across Tables 1 and 2 so that they are not reported here.
In the cointegrating setting, the first thing we do is to perform Engle and Granger's (1987) Granger (1987) to the fractional case. In doing so, the results, based on the appropriate critical values, are reported in Table 3 .
[Insert Tables 3 and 4 about here]
We observe that, apart from South Africa, the estimated values of d are around 1, which is consistent with the hypothesis of no cointegration. For South Africa, however, we found some small degree of mean reverting behaviour, with an order of integration that is significantly smaller than 1.
Based on this lack of cointegration, our next approach consists of using Robinson's (1994) set-up and considering simultaneously the following model,
estimating all the parameters in the model at the same time and assuming that the stock prices are exogenous in the determination of REITs. 4 That means that equation (4) can be re-expressed as
4 Robinson's (1994) method employed here is based on the frequency domain. A time domain version of this method is given in Tanaka (1999) .
and thus the two series display the same degree of integration and once d-differenced, the residuals are expected to be I(0). The results obtained based on the model specification above are displayed in Table 4 . We observe that the estimated values of d are equal to or about 1 in all cases; however, this approach imposes the error term to be I(0) which might be a strong assumption to be satisfied by the data. Because of that, in the last table, we conduct the regression based on the growth rates, regressing the first differenced of the ENEIs against the first differences of the stocks (in logs) and testing the order of integration of the residuals to verify that no long memory is present in them. The results are reported in Table 5 .
[Insert 
for all possible pairs of   , tt ENE SP . The reported F statistics, in Table 6 , are the Wald statistics for the joint hypothesis: [Insert Table 6 about here]
The results can be summarized as follows: for Brazil and China, we do not observe significant Granger-causality in either of the two directions, while we observe causality in both directions in the case of South Africa, and this is up to the third month; thus, we confirm the existence of both "wealth effect" and "credit effect". In India and Russia, the causality runs from REITs to stocks giving support to "credit effects" only. These results imply that, in the case of South Africa, both housing and stocks are relatively more expensive and lucrative and these two assets serve as means of investment. Thus, there is diversification benefits in REITs and stocks in the three countries (Russia, India, South Africa, RIS) on the short-run, while in the overall, market segmentation between REITs and stocks remains.
Concluding remarks
In this paper, we have examined the relationship between the real estate market and the stock indices in the BRIC countries by using both long memory (fractional integration and cointegration) methods and causality test.
Our results based on fractional integration (univariate) methods indicate that all series are highly persistent, with orders of integration which are around 1 in the majority of the series. In fact, we only observe a small degree of mean reversion in the case of the two South African series. This lack of reversion in the other series indicates that shocks will have permanent effects, requiring strong policy measures to recover the original trends. Based on this evidence against mean reversion, and supporting the I(1) models, we conducted a (fractionally) cointegrated analysis, and the results do not report any evidence supporting a long run equilibrium relationship between the REITs and the stock indices in the BRIC countries. Looking at the causality between the two variables in Granger's sense, we obtain evidence supporting causality in both directions ("wealth" and "credit" In bold, significant coefficients at the 5% level. 
